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w m m 

[oooi] *»Mr±, tm#w>fB. : &&mm*.t£. mmmm^mm.'r^m^mm^. m 
[ooo2] m&mi&mtt** mm^b^rnxm^mnm^^m^m^-^m^u 

[0003] z.<om : &$t&m*<nmwi : m. *fi^jEtt7^^^©fftit^^M$ 
[0004] M^&^^^»^^ia^J^r^^'l i M^/J^<b-c^tg^fB]_h$^r 

v^o )©#SH:«J:>J*«)b*i^o Slft^fRl^tf— -MB£i&5i:#W\ ?<H-Kyr7*—U 

mm) 
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[0007] mmo n mz. m^^.(D^mm^m±^^^^m^^^m^mm 

[0008] #fF^C^l:#H¥5-41899^# 

[0009] ^^^tisi^fi, mmm^m^mmm^xwmm^m^.ir^t^ 
^m^m^m^tcm^^^xmm.m^m^^m^mm^m 

[ooio] i-f£t>%. mm^r^cD^^z^xm^mmw^m^mtir^mwimm 

[ooii] mz. ^mmmm^M^mm^r^(D±^^ti^m^h^^t\zj: 

&x%%o w&$k, ^m^}t^xm^m^—^\f—^m^m^<Dmm^Rrf 
[0012] m%.\*. mmmmzm^fafc&^xmmttftm'ttitf. mm^mmmm 

[0013] zLCDm^K^ v-c. m%L(Dmmmm&Wim<Dmz.5rft , pn^m^ja-r5#s»® 
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[0014] &fc, it©®fti?i^ifis^ip)(ciwi^its mcmizm-rz&mmmm 

[0016] tov vera. ^^^^^^rc#3|sf d^^i-^^^^-et 

mbmm^mm^titc.m,m^m^xm^ti^o 
[0017] -&t^ ^w^^it^©^ ±^(Dm^mm^b, m^mm^-^m 
mmmKmrnm^m^-r^mm^b, ^mmmm^hmts^hmmt^ 

mm&m^&b&mx., mmm^m^vxw.m^T^^mmmm^wij\nr^ 
^4r^mKmmmm<Dmm^^^xmmi^n^m^bir^ 0 
[ooi8] z.<Dm&K&\s ^x. /Wfttt, Mm^b^ib^siM^ 

[0019] ^ m^^^ibs*^^^m{-^{t, mm±x*:%&frmttmmsUTx& 
s<4T^mc£v&MW}mmfcm\\~fz>z.b&xzz> 0 ^<Db%. mk^wmmm* 

on<D^^^^nxmm^r^<D^^mm^xi<%<vtcm 
m^r^^r^m^x^mmmmKmn-r^bii^x^o ft 
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[0020] M^ig^^M^ #M!j^a^&£;fr5M^^f -sH&gSria 

[0021] &fc, #MS^d^M#^«^^{^^i-^a:t(D^l!]^^^^l*Pi-^ii: 
[0022] £fc, 1S^M«j^m{«^m^^^^tt, jtSWlS n®i<D*>bKttL,XMmJj 
^$^fi^#ttfcii:^^T^^WT^^^J;<9Pn*P-r^^i:^J;o-C, 

[0023] *fc, MW^^M^-^ga^j$^fc#»^-^^r-r 
^ism<^»^*^ii:^MT^^^iiPbT^«)Mm^m^^^#m^^ 
m^mk^ttnt. m^^r^mMi^tcmWim^mwimmKm^x 

[0024] mi^mM^mm\.tcmi(Dmmmm<Dm^mm^mm(Dm^m^y f n^m 

x$>z> 0 

[Ei2]igi(D@^^^M^^^ia-efc^ 0 
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m5m4(DMmmm<DW}i¥&m.wirz>mx*hz> 0 

mjjfa^frftmz^-twmmxib&o 

m i3]m 1 2(DffijE®m^&i k x^^^-rmm mx&z> 0 

[0025] {%\<D%m&W) 

^mm^mm^tcm^mmm^Rnm^mm^mm(Dmi(Dmm^mK^^x 
[oo26] mu^-r^i^ m^mnmmm^ mmm^m^m^mvxm^mm 
^mi2t, m&mmm^ioim&ztvzmmmmzmmivxums^Tx&mu 
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htv^ 0 mm ^12, ^T^m^, &m^mi6. &wm#^m8, m 
^s#^2o, m^m22\zfflwm^zmt!ir&mw^®i24&#L,x^ ^ 0 

[0027] '(Dcfc^^M^^ii^M^.^^t^M^^^^^M^iO^Mm^i 
[0028] 02i*. igi^jSWSEfllftfe^lOOl^S-CfcSo sw^guM^- 

ttrv^o ^^^jg3oo^mi'J^ : S 1 #^^X32^ia^:$^-cv^ 0 # 

#l^>X32?r8a^U^V^B-e^J;V\ £fc. Mb^26a-26m<£>1fMlJ^S'3r 

[0029] Jg»}^26a~26mte, S£ff ^S:i2|Cj;9#W&$tu5W»fll ^SW^t^tfebT 

l-^m«o ^^^#28^ MM^26a-26mfab1$mmizMm£tlZ>M^m 
<D&&&VRtoL'tZ>Z.blZ.£oX. Mb^26a~ 2Gm<D&fti£MWi*$!lM-fZ> 0 
^®30te, M»^26a-26m»^^<^W#^>'t 0 -^^SrSE^i-5-^t-<t 
oT, 3M&0^3»£fo-L£i2:5o ^#^^X32«, mk^fMKm^X^ 
$tLT*5«9, ^«J^-26a— 26md^^ffl$tbSj@#Stlf— AfSrllJimi-So &*S. Mft 
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[0030] M3fi, m2<DMW}^26a<Dti;±mUmX~hZ> 0 m3lZ7rrf£o\^ Mb^26ai3\ 
1S^^«J^^34-1— 34-30Sr^TUT^^$ttTV^o 34- 1—34-30 

[0031] M^^34-l-34-30«, ftttl^|R]XioJ;-a?S#^fB]Y^i^^rHlPgt-MA/T* 

7^&$*i/cv^ 0 tcteu ^mmm^mm^xhx^\ ^^^34-1-34 
-305*. mmjjfaYic3-D(Dm.(MT, w^b\^ 0 )pi-P3^(tbnrv^o 12 
^•pi{cMi-§^ib^^34-i-34-io{i, mm35^mmicmm^tix^^ 0 e# 

P2^Mi-^^»J^^34-l 1—34-20^, m^36^#M(31^$ix-CV^ 0 E#P 

3 icmir^>mWim^34-2 1 — 34-30^, m» 7^#m ^^$*vcv v& 0 

[0032] ®4fcJ\ 03OM^^34-l(D«®|l|T^o EI4^1M;5^ ^83^^34- 
lte, ^40i, S«40(D^^:{RiJ(Dffi^^$tbfc#^:42i:, ##r42^ 
»V^T^^^tvfcM#:44^^^^$^rv^ 0 *^40, ##42, g|ft:44te, ^ 

£*)fti®&m48t)mm£tix^z> 0 ^n^m48i^ m^M^m^-r^m. * 
tcteffife<Dtfx&3im£thtzvtmfc£nx\,^ 0 ^K4o<^w®ffl!i©ffi^Batg 

$Hfc«ffi35-l ^44(D^ft:ffl(Offi^BH^$tL^:*a35-2^bTV ^„ 
«*35-l«, Mm^l2(O^lb{f-^«M50^^^49-l^b-C^$tb 
TVV5 0 «^35-2te, ^T^m4(D^m^4T^mM5Uzmm.^49-2^ 

fr\.xmm$ftx\^ 0 
[0033] M)i?3ff34-ite, ^m^^^^mmmiiicx^xm^fi^o m*-&, 
meL4obt£Z>^y^i/y^%mnirz>o ^^^^^mitm^^yvmnn. 

<0)ft&\Z.ffife<Djf7\1$%iM&tlZ> 0 #flC42±{CLPCVD(Low Pressure Chemical 
Vapor Deposition) s"v±XiZ£V)=-ytr/l' (Ni) £^*1-5-£t-£9i^44;^J&$ 
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&o t&WiM^ifiJ^^flfti^V^^^^^ MEMS (Micro Electro Mechanical 
System) ^<t«9MT-26a— 2.&™k\^XWk\Zl3y^^7^f^> 0 fry^^y&tvft 
M(j^26a-26m«, '%/^^#28^IB^J£tLfcm. S^&^tt^lOO^M^- 

51 , 49-2^bT^$tb5o &*5, ^5^^/130, ^#V>- 

X32ft^M^26a-26m«9tttfW5o 
[0034] £5&Mj^5if 34-1— 34-30^bT«, #H;U:£ , cMut (Capative 

Micromachined Ultrasonic Transducer: IEEE Trans. Ultrason. Ferroelect. Freq. 
Contr. Vol45 pp. 678-690 May 1998)^m^i~^b^X^^ 0 

[0035] 05te. m4<DMW}^m34-i(Dm}ft&m.wirz>mx3bz> 0 m*.^ mm^m34- 
iKmffi^4TxmM5uz£^xmm<D/<^Txm&va&m\iirz> 0 mn$titc/< 

iz.£vmft447!)mMi-z>z.bK£ox, Mm^m34-i<Dmwmffi&&&M&sab 
^(Bi5A. m5B) 0 ^lt, mmm j ^mM5o^hmm^m34-uzmW}m j B-^m 
&i-z>t, m^ntcmw}m^t.m^mm^mms a Km^^xm^m^m^ 
tiz>o tat, w&m*hm^td&^i&*um^m34-i\z.^x^m-rz>b. mm 
mm34-i<Dmfo44timmmm%&mksai\z.^\ ^xmm&nz> 0 ^44^® 
m£ti%z.biz.£vfoi®Qm48<D%.mm4[:-rz> 0 mkx^.m-mmmMm^bvx 

[0036] — s^Txm)±.ValZ.itx.Xs^( T;*®JEVb (Vb> Va) £Jg»J^ffi34-l iZ.fi] 

im-tz>b^ mu^ntc^r^m&vbiz^m^44(Dm^^^^b^x^x, 
Mmmm34-i<Dm^mmw&&M&sb(sb>sa)btez>(m5A, mso. ^lt 

[0037] ^(D^{z.mmmm34-uzmair^<4T^m&<D±^^Mmi-^bi^, 
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mmwmmm&mte&zztfr-Qzz* *vx. mfr44<o%*&mz.mmv,xn 

[0038] E16« % mi<&sUTX^m4<DM)&$:^1rmXhZ>o sMT^&l4l^ IU6A 

^24<Dmm^i^^xmw}mm34-i—34-30(DmM35-37{cmm^m 

mm^35-l^ 35-2)*frl,xm\l1~Z>^y^m3Zmx.X\^ 0 *4 
5/^^53«, Hl6B^^i-J;5l-> MW)*55Kmm-tZ>M%tl<n^y^53-l—53 

[0039] El6tt, mm<D^±, Sg»]^-55^0$ft^-[6]Y^Aj@(DE^Pl-PA(A:2J^_h 

x^y^&53im%;t5*hZ>o mm^m.24\z.m.^<Dmm^^m 
Ktiir^bxjo. Att^tzm^^v^m^m^^xmrn^^^n^ 
&&£ti±mmm^^y^&53fcMX£tiz> 0 mti^ntimmm^m^ 

t, ffi&<DX4y^(Mx-i-£. 7*4^53-1) &mCX*>£tiZ> 0 Ui^oT. ^Cy 

jtL,xmm! L 55(Dm.ft(Mz.&. K&pi)(DmMKm±LL>xm\\£tiz> 0 

[0040] .x-lV^I£53te\ E^Pl-PAOm^J^L-C^fte>ttTV^ 0 Ufc^oT, 

E^pi-PAom@^Ri*n-r^ff^^T^co^:#$fi. #^5/^^530^.^ 
^M-r^K^pi ^ov v-as, ^-r5/^53-ifcitsr^-r^^^J:t)^MT^mffiv 
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V vCW\ X+y^53-l—72-n<Di£X&*^irZ>Z.kK£V'<'(Txn&. (Va x n) 

[0041] B17«, |l|l(DSW^«^®^i^^^t'-A(D0||ll^f^O#m^*^i- 
t&OTT?&5o #*5, tftW<7>M:_h N 30<D«b^26a-26c<D^J£t£K1-3;^ Jg 

ib^o#:^o^TteM:i:it^l-^^-e#5o Bl7^^i- e t5^, ilft^26a- 26c 

^ft$ft^•[^X^M-<TgB^$^^TV^S 0 ^lftT-26a« > 1im<Dig»Jll^!34-l-34 
-30^WUT^$nTV^ o 1S#:<D^»j^^34-l-34-30«, |pJYK13 

o<D^pi-P3^(te>tvrv^ 0 ngm#(#ix.j^ m.ftpi)izmirz>Mmmm 

34-1-34-10}*, mm35^mm^mm^tlX\^ 0 lg»J^-26b N 26cSCol>-Ct> 

[0042] E^Pl^tt^SS^E^PS^m^ST^/^T^miEVl^PPilPi-S^lCj;^, E 
#P1, P3^JS-T5M»)^34-l-34-10, 34-21-34-30Om^,a«^# 
m$Sakti:Z>o — *\ |i:^P2(Dm@36^/WT^miEV2(V2>Vl)^^IJPi-6^ 

tizxv)^ KftP2Kmirz>MW}mm34-i i-34-2oom^^-a-^^^sb (s 

a>Sb) £&5 0 

[0043] 1rftfr1b, /W7^1E©^#$^fi P^(DtF^^(c:|R]5^otlTE^WiT* 
mW}^26a—26cib^m^m>Mm^tl^o ^H^XK), 34-1-34-30 
*#£}&s*#<fc5fi*tt#BB#39fcUT^$*t5o #|£#P1-P3lcftl 

[0044] ^_b, ^mmmm^xtui, mffi'^Tx<D*%£Kj&Kxn$mmg&&wt& 
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m tit Z>MW)^m 34-1 — 34-30{2 % M x. \m^-<W*— YMZ^^f^kJh , 

j±mttmfrbte%j±mmT£yi>'&mteh<Dttj:z>o u-c^o-c, *g»j^34-i-3 

[0045] ^M»lS^34-l-34-30^3lAP-r^ti:^MT^<7)^:t$^E^:^4fc 
[0046] mx.lt. m3[tt1r£5^ Jglb^34-1— 34-30&m.$hjffaYK&'<XMW) 

^26a^mir^b\zx^,mm^Yi()mw}^m34-i-34-3o\zx^xm^it 
m^^mmvxmm^(Dif-^mRrfm^m&^BMimmx^ 0 

[0047] ifcfc, mSRXimTlZTFlrX?^ i»gm34-l-34-30£:1gf$:tf)|K#Pl~P3 

Kfttf^ mvm&mx.\t. w^D^mir^mmmmm^. mmmm34-i 
-34-10) <Dmm(fflx.t£, mm35)&&mKmmL,x\^ 0 ^.tn^xti^ ^—<d 
mrnmm w%.&. mmmm34-i) frbmM£thZM^&&&-t)mmx&z>b%x 
&wMmir%Mmmm<Dm:m*?'fz.b\z.£o, m^m^mm.-r^(Diz.^ 

[0048] &tc, m-<Dmmmm mx-it, mmmm4-D frbmrnztizM^mmtf* 
^v^#«, mftZbfctt^xmmmm34-i—34-3oz:btt$£timtf:z>'UT 

mm^kX^Zo ^»)^26a-26c^tt^|R]Yl3:1S^C(DE^Pl-P3^ 

itrv ^zz.bfrb, mm*faY<DM^&\?-j±<D^fefttt&mftm&xm&x%z> 0 
[0049] n©»i^i^v ^x*mw&i&wi,tc&. ^tiizmbtizhtDXfefo \ m 
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[0050] ^fc. E|7^^i-Mli3T-26a-26cO*|ft^[^X<D^— i^*SR^^^^-oV^ 
tf, ^«)^26a)(DS#^|B]X^M»JM^34-l-34-30^M'<T^L^ #Mb 

X©tf— A«^^«Sr«|«b-rbJ:v\ JgSjH3§34-i-34-30£r^#i 
^^34-1— 34-30^R]^Pi-5^i-J: t 9, SWi&tf— AO^Ift^lRlXOWffi^^J 
[0051] ifcfc, #2St^ttfc:J:;h/tf , #^»^^34-l-34-30^^Pi~Sii:^^T^ 

[0052] £7t, 03^1" M»J^^34-l-34-30f*, A^<D^«^d#*&£ 
tvTV^ 0 roi^t-A^^-e^i-^-^^J;^, M^^34-l-34-30P^O|^ 
m(^y7)%mtbZ>z.t&X%Z> 0 Lfc^o-c, ^ibS^34-l-34-30^^$-Br 

mmm&&<tez>tcib, ffim<Dm^$n?—j»<D%km%mi%x$z>o mm^2e a 
(DmmMik^m<Dt^xh. ^<D&mfcttJt^xmM35—37$:m&i£ j &z>z.b 
¥-mmvt<DMmmm34-i-34-3o&Mm^26aKmm£ j &z>z.btfx%z> 

„ fcfcU W^^34-l-34-30(DJfm«, /"^^Pfib-f, A^&^#£ 
B^. mtXlb^XhZW tfc, #^W)^m34-l-34-30«, ES^Rkf, io 

n m<D±%£fcBi$£tvbi)K mmi L 26a(Dmmffimz.ffip\£tiz>MW)mmtctf*: 
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'b£<Mi&irzzb\z£V),Mmmm34-i-34-30(DmM&&-mm&%zk&x' 

[0053] *fc, ®6{C^i-^5/^^^oV^«, ^^^53-1— 53-n(D#:^lt^i-r 
[0054] (m2(D^M^S) 

[0055] IH8te, ^M«rjgfflU^2<D^Ji^<D®^^|g^g^J;5jg^lf-A 

PI— P9»31^»t6>^TV^o ^*5. #MfcR*H\ 04(^Ufc^<D^I^#CO^{C 
7&&£*VCV^„ -tUT. 1g#[<D|Z#Pl-P9te. Mtt*-fR]Y^3o^/V— ^Gll 
, G12. G13^ftbtbTV^ 0 ^Gllfi, 3o(£>|2:#Pl— P3/>p£> 

[0056] ^/W— ^GlltcM-t-^K^Pl— P3£, ^G13}CJS-f-SE^P7— P9{C/< 

JT*W£Va&mU-fZ>ZbK£Q s E#Pl-P3t, P7-P9^JR«^i(j^O 
m^BH*3!$^tRdSSai:*So ^-^Gl2fcJR-rSE^P4-P6{^MT 
*«ffivb&ftt&ni-5^fc:J:*k K#P4-P6 tIt5«lIi©t^W^M 
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[0057] ifcfc, EI8^^-rj;5i-. E#PU P2^#3^/w-:/G2i^ m& 

7*024^ £#P8, P9/0^^^/V— :/G25£V^5o<DE:#{-5W5- 
[0058] 7 ;V—zfG2.\\cmr l r%>W£VU P2b, ^-^ P G25^S«E:^P8 X P9{^M 

T^mffvaSr^p-r^-^i-i^s e^pi, P2, P8, P9Kmirz>MW}mm<DmM t 

mWlfti&WmsSabftZo y/V—7G22izmirZ>&ftP3. P4b, 9;V—^G24K 
m-rZ&ftPG. P7K'<4T*m}±.Vb%:m\\irZ>~bK£<9. K#P3, P4, P6, P7 

izmir%Mmmm<Dm^mwife&&%iitfsbbtez> 0 ^vw-:/g23(cs^-6e#p5 

^^^[^5^o^T^#$^^<^§||^#^l8m72tLT«$^ : g : ffi^*^ 

[0059] ^mm^m^rn^ msi^-rmfrtfi-tMrni. 72^h^^^ r^—-? 
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[0060] m3<Dmmj&n) 

m&m^fo^xwM^T*%m\&%wA^tt^t\z.ib%o u^o-t, 
x^m2<ommnmtm-(owM^^^xnm^m^, w&&K^xmn~rz> 

[oo6i] mm^ ^mm^mmi,fz.m3<Dmmmm(Dm^mi^mm^x^m : ^^-^ 
<Dmm^fa(D^}£ftjfi%7F~tnwmxfoz> 0 ®9^i-j;5t^ mmommmmtf 
m^,vx^mm^73^ mm^Y\z.7^(D^Y>i-Y7\^nhi\,x^ 0 -ate 
^m^m^—^<Dm^mt\^xmm^zK3^(Dm^A-c^^tix^o 

[0062] 09B^i- £5 M&AA±bm^Zfc^=i—m j %$:%:$i-rz>bZ (t=ta) , 

^ntcm^P3—P5iz.m^±^<D^T^m^^^nmn^fv^ 0 ^ 
m&Bfabm%i'tz>frtttt—m^%%:$i~Fz>b$te a=tb) . ®m^&24(Dm^ 

E^pi— P7f^3t©^:#$<©-/WT^«Ed^^tbW*a$tb«o **3. 'VT* 

[0063] ^mmmm^xth^mM,A-c^b^ir^m^-m^^mir^mm^ 
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[oo64] *fc, mMmm^mzxm^tc^{zmn^^ur^m&(D^^m^mm 

[0065] ^t^mMA-c^hm^ir^RM^-m^^mir^t^(Dm^^^mm 

<Dmmzm\^xm^mm&\?-^(D\?-j*Mifc$:mM4\:x%Z) 0 

[0067] (m^mmmm) 

^m^m^tcm^mm^Rxfm^m^mm^m^mm^mi^^x 
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[0068] miote, ^mm^mm^tcm4(Dmmnm(Dm^m^m^x^m^^-^ 

[0069] ^mmnmxi^ nn^x<D^^m^mir^mwi^±^^it^^i^^ 
m^x^^}^<^titz^r^mm^mm^m\\i-?>o mz.&. mm*2 

fa?K-Dtvx&mtf'\^<tez>o 
[0070] ^mmnm^ti^ M^faxfcmmi5titc&MW)+26a~26mizm\\~rz> 

[0071] ifefc, *Hlfe^«Rtt. f&l&V ^LM3(0||»^^ J; XJ^fD^mmtm^M^ib 

•&Z^btfXZZ> 0 
[0072] (m5(DHffi0^) 

^mm^mmvtim^mmi-Rxfm^mmi^mm.(D^50)mm^m^^^x 
^(cov^r^pji-^o mKizttfoir%mffi^\,^xtem-<Dn%-&ttL,xM 

[0073] lailfi, ^0J5riiffiL^5(D^i£?f^<DS : i : ^®^®{-J:6® : i : ^fcf-A 

<Dmmxftte£zfMmxfa<D^EE#tt&^i-nwmx&z> 0 miiAiz^-rx^K. 

m^» J f-26a-26m^^^-ClE^J$tV-CV^^, 0 (^J^.«, Mb^26a 
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[0074] *mi&jtmxtz, m$$ijffaY\z3o\,^x, k#gi:l Gi3iz.ma-r^<^r^m& 

W)^-26(m / /2) Kmvtz>/MTxnm*i£m&)*:%<u ^m^vi^tixm 
m^®.x/^T*m)£z\m&)'bis<'rz> 0 ^ti^x^x, m^wiv-^nmir 
fBjxo^ffi^f*. miiAK^i-x^m^HifmmitL-x^tirc.h(Db^ 0 

[0075] ^HJfe^fi^frkf, ElllBi^1-J;5^. »^26a-26m^R]*p-r^MT 

[0077] (me^mmmm) 

^mm^mm^tcm^mm^Rxfm^mmmmm^me^mm^mK^^x 
mm&mmvxmm-tZo ^mmmmf)mi^vm5(Dmmmmbm^Mi-±. m 
mm^mmmu^b^mmir^mnMm^^mcDith^^miEir^bKh 
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